Natural water samples were collected from various locations in Syria and were analyzed to determine the D/H ratio, using stable isotope ratio mass spectrometry. Three types of water (a, b and c) were found. The D/H ratios were from 156.6 × 10 -6 to 148.9 × 10 -6 , 159.9 × 10 -6 to 158.1 × 10 -6 , and 170.7 × 10 -6 to 153.4 × 10 -6 for a-, b-and c-type waters, respectively. The most characterized locations were found in closed dam reservoir (c-type). It is estimated that the D/H ratio in c-type water is proportional to the mean daily evaporation rate and accumulation efficiency and is inversely proportional to the water mean depth. The electrical conductivity is found to be proportional to the D/H value for each separate location of c-type water.
Introduction
Isotope effects during evaporation provide a tool to study water balances in surface waters, where both molecules, D 2 O and DHO, are less volatile than H 2 O (Clark and Fritz 1997) . It is well known that fresh water in temperate-zone lakes and rivers contain a certain level of deuterium concentrations, expressed in the form of (D/H) ratio, typically in the range of 130 × 10 -6 to 150 × 10 -6 , whereas the ocean water is in the range of 155 × 10 -6 to 160 × 10 -6 . Variations arise from seasonal and climatic changes, as well as from topographical processes (Dave et al. 1997) . Surface evaporation processes are of particular significance in arid and Mediterranean climate (Dave et al. 1997; Bukovsky et al. 1994; Fritz et al. 1980) . The extent of evaporation is based on the non-equilibrium enrichment of D/H ratio (Gat and Gonfiantini 1981; Craig and Gordon 1965; Stewart 1975; Williams and Rodoni 1997) . This leads to a higher value of δD than that for the standard mean ocean water (SMOW). Syria is an arid to semi-arid Mediterranean-type region, with a warm summer and mild winter. The rainy season in Syria extends between November and April. Summer is usually dry with temperature ranging between 30°to 45°C.
The only information available on D/H so far had been on rainfall (Selkhozpromexport 1986; Prizgonov et al. 1988; Kattan 1997) . The purpose of this work is to report D/H ratio measurements in some selected locations of natural waters in Syria to find out which locations have the highest D/H values.
Materials and Methods

Sampling and Analyses
The location and time of water sample collections were chosen with the help of local hydrologists. Because of the fluctuations in weather conditions, sample collections were carried out from October to November 1995, February to March 1996, May to June 1996 and August to September 1996. The approximate duration of each collection period was roughly 21 days. In each collection, 36 water samples were collected from 26 different locations, as shown in Fig. 1 .
Three volumes, 2 × 2.5 L and 1 × 5 L, were collected at each site (30 to 80 cm deep) and stored in clean, dry polyethylene bottles. Bottles were completely filled after air was drawn off, and they were then sealed with melted paraffin in order to prevent any fractionation during transportation and storage (5°C). Field measurements, such as temperature, pH and electrical conductivity, were taken at each individual site (Table 1 ). All collected samples (4 × 36 samples) were submitted for D/H analysis to the Jordanian Water Authority in Amman, Jordan (a laboratory connected with IAEA activities), in order to determine δD values using a Delta-E Finnigan MAT stable isotope ratio mass spectrometer. Five µL aliquots of water were reduced at 485°C with zinc, following the method proposed The number next to the site symbol indicates the sample number (see Table 1 ). by Coleman et al. (1982) and Kendall and Coplen (1985) . However, because of instrument memory problems incurred with this method, Mores et al. (1993) and Tobias et al. (1995) suggested some modifications. By introducing 10 µL of the water sample into a preparation line at 200°C, using an on-line process, the evaporation and precipitation of salts in the sample was accelerated. The vapor was then returned to the zinc oven at 400°C. The generated hydrogen was passed through a liquid nitrogen trap to remove any residual moisture and the gas steam was transferred again to the zinc oven in order to obtain full reduction. The hydrogen/deuterium gas stream was then passed to the ionization region in the mass spectrometer. Daily analyses of standard water samples normalized to SMOW were carried out to calculate D/H values, which are presented in the standard δD notation as
where the R's are the D/H isotope concentration ratios, as defined by Gonfiantini 1981 . The δD measurement precision has been checked by repeating the analyses of some chosen samples. The results were either identical or varied by ±1‰ from the original values.
Calculation of Deuterium Concentration
The absolute abundance ratio of isotopes is identified as the relative difference in the ratio of the heavy isotope to the more abundant light isotope of the sample with respect to a reference material, SMOW. Craig (1966) and Chorney et al. (1960) determined the isotopic ratio (D/H) of SMOW as (158 ± 1) 10 -6 . Due to accuracy and technical measurement, the difference between sample and SMOW is expressed as (‰) and, starting with equation 1, one can deduce the absolute D/H ratio of the sample to be D/H = [(δD/1000) + 1] (158) 10 -6 (2)
In order to determine the absolute concentration of deuterium and according to mathematical properties, this equation can be rewritten as (3) where D is expressed as ppm (part per million). Equation 3 can be written as (4) and the D(ppm) can be calculated for all sites, as shown in Table 1 .
 1000 
(δD + 1000) D(ppm) = __________________________
1000 + (δD + 1000) (158) 10 -6
Results and Discussion
It should be pointed out that the closest meteorological stations to the sampling sites (1 to 5 km) were used in order to evaluate some related meteorological parameters, such as the mean daily evaporation rate (MDER), and to help with the interpretation of the obtained results.
δD Values
The δD values have been calculated and classified into three different types of water. (1) Waters with a very little meteorological isotopic composition modification, such as in the case of rivers, springs and non-closed dam reservoirs, including lakes (samples: 1-3, 6, 10, 11 and 13-32 in Table 1 ); the water changes continuously with short storage time year-round and this can be seen clearly for Kateena Lake and the Al-Baath dam. (b) Sea water (33-36). (c) Waters with high meteorological isotopic composition modification, such as closed dam reservoir waters (CDRWs) (samples: 4, 5, 7-9 and 12); in this case the water renews itself every winter. These classifications will facilitate the discussion and interpretation of the obtained results.
a-Type Water
The δD values were in the range of -57.2 to -8.9‰. Kattan (1997) showed that δD values for rainfall are in the range of -10.1 to -87.4‰. Therefore, our observed results are in good agreement with the previously observed results.
The a-type water could be subdivided into two groups. The first group is the product of infiltration of precipitation without any significant modification, such as in samples 1-3, 10, 11, 19-23, 29 and 30, where δD variations, for the same location, are in the range of -0.9 to -4.3‰). In the second group (samples 6, 13-18, 24-28, 31 and 32) , the δD variations are in the range of -6.3 to -26.8‰).
The wide range of δD variations in the second subdivided group, at one location, can be attributed to the temporal water storage, which maximizes the effect of seasonal temperature changes. For example, this can be clearly seen in samples 27 and 28. However, in the first subdivided group, at one location also, as in samples 1, 2 and 3, the δD changes are negligible, due to the absence of seasonal temperature variation effect. This observation is inconsistent with Fontes et al. (1970) results.
b-Type Water
The D values ranged from +0.5 to +11.9‰. These observed D values from the Syrian Mediterranean coast water (sample 33-36, Table 1 ) are around the corresponding SMOW value. Our results also match those of Craig (1966) , where high δD values encountered in semi-enclosed basins in arid zones, such as the Mediterranean Sea, were attributed to slight evaporation from under-saturated air masses.
c-Type Water
Our main concern was focused on CDRWs, where the water changes once during winter, i.e., November to April). The δD values for CDRWs were found to be higher than in either a-or b-type waters. The most remarkable site of this type was the water from the Al-Zoluf dam, south of Syria (Fig. 2) , where δD measurements were always positive and above SMOW level values year-round in comparison with the other two remaining waters (types a and b).
The interpretation of δD values is complicated and many factors should be taken into account, including water residence time, isotopic flow, atmospheric moisture composition, relative evaporation and reservoir dimensions. Both relative evaporation and reservoir dimensions are the most effective factors in the case of CDRWs. In fact, the reservoir dimensions have a direct influence on the evaporation efficiency. It should be pointed out here that, although the Al-Zoluf and Al-Arab dams receive water from the same source during winter, i.e., rain water only, there is no common aquifer for all the investigated locations. The reservoir dimensions play a very important and direct role in connection with evaporation rate efficiency and lead to different δD values for the remaining water. The water mean depth in both the Al-Zoluf and Al-Arab reservoirs are 2.8 m and 7.5 m, respectively. 
Deuterium Concentration Dependence
Deuterium concentration was the main concern of the present work and focused only on CDRWs. In order to explain the obtained results, the water mean depth (d) of each CDRW was approximated as follows: d = total water volume/reservoir surface. Therefore, decreasing the water mean depth in the dams led to an increase of evaporation rate efficiency and hence to an increase in the deuterium concentration. According to the recorded results, the relation between d and δD can be written as follows: δD~K/d, where K as a function depends on the mean daily evaporation rate processes. These processes include temperature, wind speed, accumulation effect, altitude, latitude and the topography of the individual CDRW. Since the investigated water samples are not rainfall samples, the effect of altitude and latitude on δD variation has very little significance.
The concentration of deuterium in the Al-Zoluf dam was always positive and consistently above the SMOW value. The concentration range of deuterium in the Al-Zoluf dam was between 163 and 174 ppm. The increase in deuterium concentration in the Al-Zoluf dam can be mainly attributed to accumulation, mean daily evaporation rate and water mean depth (2.8 m). To substantiate this claim, three other CDRWs were investigated. In the first one, the Jabal Al-Arab dam, the range of deuterium concentration was between 149 and 155 ppm. The decrease in deuterium concentration is due the higher mean depth (7.5 m), although both dams have a similar feeding source (rainfall water of the same zone). In the Daraa and Sheikh Mskeen dams, the concentration of deuterium is also less than that of the Al-Zoluf dam. The range of deuterium concentration in the Daraa and Sheikh Mskeen dams is between 154 and 157 ppm and 156 to 161 ppm, respectively. The water mean depth of the two dams is 10.85 m and 4.65 m, respectively. It can be noted that the deuterium concentration in the Sheikh Mskeen dam is similar to that of the Al-Zoluf dam and is about 10 ppm lower than the Al-Zoluf dam. This factor could be the result of the high water consumption rate from the Sheikh Mskeen dam for year-round farming irrigation (Ministry of Agriculture Report 1995). The concentration of deuterium in the Daraa dam is about the same as the SMOW value. This can be explained in comparison with previous CDRWs by the higher water mean depth value with the absence of the heavy consumption of water year-round (Ministry of Agriculture Report (1995) . Figure 3 shows a clear correlation between δD and the MDER values according to seasonal temperature variation: y = 3.5254 × -28.183 with a correlation coefficient, r 2 = 0.9956, and y = 3.0357 × -20.159 with r 2 = 0.9933 for the Daraa and Sheikh Mskeen sites, respectively.
In such closed zones, it is known (Kendall and Coplen 1985; Fontes et al. 1979 ) that there is a relationship between δD values and the corresponding electrical conductivity values for natural waters at the same site. Variations of measured electrical conductivity (EC), which has been measured for the four collections of water samples, show a wide range of fluctuation (Table 1) . A clear correlation is found, however (Fig. 4) , between the electrical conductivity and the δD values at the same site: y = 0.1168 × -81.327 with r 2 = 0.9557 and y = 0.1664 × -46.566 with r 2 = 0.9289 for the Daraa and Jabal Al-Arab site waters, respectively. This is in consistent with the results of Gonfiantini (1981) and Fontes et al. (1979) . A correlation also exists for the Sheikh Mskeen and Al-Room dams, but with lower values of r 2 . Finally, it should be pointed out that the δ 18 O measurements will be extended only in the locations with the highest D/H ratio, in particular c-type water, and the obtained results will be published later. 
Conclusions
This work is a comprehensive survey of Syrian natural waters, focusing on D/H values. The determination of δD values in various Syrian sites gives very important and useful information regarding maximum deuterium concentrations. Deuterium concentration in the Al-Zoluf dam water was found to be 170 ppm. Three factors, namely, water mean depth, mean daily evaporation rate and accumulation effect, play an important role in changing δD values.
